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Introduction
Surviving a severe burn injury is considered a traumatic experience. Due to substantial improvements in burn treatment, an increasing number of patients survive burns [1, 2] . This increases the importance of documenting outcomes of burns on both the short-and long-term as a significant number of patients face physical and/or psychological consequences, such as post-traumatic stress symptoms, depression, and limited physical functioning [3] [4] [5] . Moreover, disabilities and disfigurement are frequently accompanied with burn injury.
Health related quality of life (HRQL) is an outcome measure that reflects a patient's perception of his or her health condition on physical, psychological and social wellbeing after an injury or disease [6] . In general, HRQL is assessed by questionnaires filled in by patients. HRQL instruments are either generic (i.e. applicable to any illness) or disease-specific. Generic instruments facilitate comparison between different diseases, whereas burn-specific instruments take the specific effects of burns into account [7] . HRQL measurement is increasingly used in both clinical practice and burn research to qualify the impact of burns [3, 8] . It may help to tailor aftercare to the patient's need.
Although, some earlier reviews on the HRQL of burn patients have been performed, there is no recent systematic review on this topic. Yoder et al. conducted a systematic review on the evolution of one burn-specific HRQL instrument; the burn specific health scale (BSHS) [9] . Outcomes were, however, not reported. Stavrou et al. only provided a narrative overview of the domains that could be impaired after burns [10, 11] .
In conclusion, there is a need for a systematic review to identify which HRQL instruments are used in burns and to examine recovery patterns after burns. Therefore, the aims of this review are 1) to identify which generic and burn specific instruments are used for the measurement of HRQL after burn injuries in adults and 2) to examine recovery patterns of HRQL after burns.
Methods
The present review was conducted and reported in line with the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) Statement [12] . The protocol for this systematic review was registered on PROSPERO (ID = CRD42016048065) and is available online (http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016048065).
burn patients, and that not present HRQL outcomes for burn patients separately were excluded.
Selection of studies and data extraction
After removal of duplicates, articles were excluded on the basis of title by one reviewer (IS). Two reviewers (IS and CL) independently evaluated a random sample of ten percent of the abstracts. As there was no disagreement between the reviewers, the remaining abstracts were appraised by one reviewer (IS). In case of any doubt, a title or abstract was screened by a second reviewer. Screening of full texts and extraction of data was done independently by two researchers (IS and CL). The titles, abstracts or full texts were evaluated using the inclusion criteria described above. Extracted information included study characteristics, patient characteristics, details on the instruments used to assess HRQL and HRQL outcomes at each assessment point. Disagreements around article inclusion or extraction of data were resolved by discussion with a third researcher (MvB).
Risk of bias assessment
The risk of bias of all eligible studies was assessed using four of the six domains of the Quality in Prognostic Studies (QUIPS) risk of bias tool [13] . We included the domains: study participation, study attrition, outcome measurement and statistical analysis and presentation. Two domains 'prognostic factor measurement' and 'study confounding' were not included as these domains are specific for prognostic studies and thus fell outside the scope of the review. The domains were rated as 'low' bias (all items 'low risk'), 'moderate' bias (max. 50% items with high or unknown risk of bias) or 'high' risk of bias (>50% items high of unknown risk of bias).
First, two researchers (IS and CL) were trained to use the QUIPS and independently assessed the risk of bias of eighteen eligible studies (19%)). Discrepancies were discussed with a third researcher (MvB). Then, the researchers independently assessed a random sample of 25 of the remaining articles (33%). There was only a slight disagreement (7%) and therefore the remaining studies were appraised by one researcher (IS). In case of any doubt, a study was appraised by a second reviewer.
Data analysis
In case of multiple studies using an identical dataset, the study that included the most assessment points, the most patients or the most HRQL domains was chosen. If no decision could be made, the most recent publication was selected.
If scores were only presented in figures, authors were asked to provide the scores. If authors did not respond, the scores were read from the graph and were rounded to the nearest 0.5 points. If domain scores were only presented as norm scores, authors were asked to provide the non-normalized domain scores. If no scores were received, the outcomes were not included in the recovery pattern analyses. Outcomes of studies were only included when the study population included at least 10 patients.
Results

Identification and selection of studies
The search resulted in 3,788 unique articles. Screening of titles resulted in 255 potentially relevant articles. Of these, 111 were excluded on the basis of abstract and 144 were retrieved for full-text review (Fig 1) . Fifty-one of these articles did not meet all inclusion criteria, resulting in the inclusion of 94 articles (S1 Table) .
Study characteristics
Most studies were conducted in Europe (n = 37), the USA (n = 19) and Australia (n = 14). More than half (n = 54) of the studies were published after 2010 and most had a cross-sectional design (n = 57) ( Table 1 ). Sample sizes of the studies varied between 9 [14] and 1,587 [15] burn patients, with most studies having a sample size below 200 patients (86%). In most studies (n = 83) more males than females were included, although not all studies provided details on the sex distribution (n = 6) [15] [16] [17] [18] [19] [20] . The mean %TBSA burned ranged from 3.5% [21] to 83.5% [22] . Eight studies did not report the %TBSA burned of the included patients. Mean LOS was between 10 and 30 days in most studies. In total, 35 studies failed to report the mean length of stay.
Measurement of HRQL
Twenty different instruments, of which eight are validated in the burn population, were used to assess HRQL. The three most often applied instruments were the Burn Specific Health Scale- Brief (BSHS-B) (n = 44), the Medical Outcome Study Short Form-36 items (SF-36) (n = 40), and the EuroQol five dimensions questionnaire (EQ-5D) (n = 8) (Fig 2) . Eight instruments were only used in one single study. Thirty-one studies used more than one instrument to assess the HRQL (Table 1) . Twenty-four of these used a burn-specific and a generic HRQL instrument. Most used both the SF-36 and the BSHS-B (n = 18). Thirty-two studies (34%) used a longitudinal design with multiple HRQL assessments over time; twenty-three studies used at least four assessment points. The most frequently used assessment time points were during hospital admission, and at 3 months, 6 months, 12 months and at 24 months after injury (Fig 3) . 
Quality assessment
The risk of bias was evaluated using the QUIPS tool. Whilst most studies had low risks of bias on 'outcome measurement' (n = 87) and 'statistical analysis and reporting' (n = 75), a moderate or high risk was evident in many studies for 'study attrition' (n = 88) (see Fig 4; S2 Table) . This was in particular caused by a lack of reporting of attempts to collect information on dropouts and of key characteristics of non-responders. Four studies [27, 32, 33, 54] scored a low risk of bias on all four evaluated items of the QUIPS. 
Recovery patterns of HRQL after burns in adults
Recovery patterns of the most applied instruments, the BSHS-B, the SF-36 and the EQ-5D, which are all validated within the burn population, were analysed. All studies that reported a BSHS-B or BSHS-R outcome, a SF-36 outcome or an EQ-5D outcome on at least one time point were included. BSHS-B recovery patterns. The BSHS-B includes 40 items comprising nine HRQL domains: simple abilities, heat sensitivity, hand function, treatment of regimens, work, body image, affect, interpersonal relationships and sexuality [108] . Responses on individual items are scored on a five-point scale ranging from 0 (extremely) to 4 (not at all). Mean scores per domain were assessed and high scores refer to a good perceived health status. Overall, shortly after burns, scores on the different domains were low and most increased with time (Fig 5A and 5B) . In the short-term, most problems were reported for the domains 'work' and 'heat sensitivity'. The self-reported outcomes of the domains 'simple abilities', 'hand function', 'affect', 'heat sensitivity', 'body image' and 'treatment regimens' showed improvement over time. Low scores were especially seen in the first 12 months after burns and improved afterwards. On average, outcomes of the domains 'simple abilities' and 'hand function', improved towards the maximum score, whereas the domains 'affect' and 'treatment regimens' improved to 3.5 out of 4, e domain 'body image' improved towards 3 out of 4 and the domain 'heat sensitivity' towards 2.5 out of 4. The domain 'sexuality' remained relatively stable, only few studies reported somewhat lower scores in the short-term. The outcomes of the 'interpersonal relationships' domain were relatively high during the entire follow-up. The selfreported outcomes of the last domain, the domain 'work', varied widely among studies. In general, subgroups with less severe problems (i.e. no surgery, no full thickness burn) had higher scores on all domains.
SF-36 recovery patterns. The SF-36 consists of 36 items comprising eight domains: physical functioning, role limitations-physical, bodily pain, general health, vitality, social functioning, and role limitations emotional, and mental health. Mean domain scores that were transformed to a 0 (the worst) to 100 (the best) scale were used. Higher scores indicate a greater perceived health. The SF-36 domains can be summarized into the physical component summary (PCS) and the mental component summary (MCS) [109] . These measures are transformed to norm-based scores with a mean of 50 and a standard deviation (SD) of 10. Scores lower than 50 indicate scores below the average. Analyses of recovery patterns of the SF-36 outcome data were based on 17 studies of the 40 studies that assessed HRQL with the SF-36 Four out of the 17 studies described all eight domains of the SF-36 as well as the PCS and MCS. Ten studies included the eight domains, one study included seven domains [76] , and one study described both summary scores [32] . The MCS scores showed variation in the short-term, with studies reporting scores just above and below the norm score (Fig 6) . In the longer-term, scores moved towards the norm score. PCS scores were almost all below the norm score and an improvement towards the norm was seen in the longer-term.
The lowest scores were reported for the domains 'bodily pain' and 'physical role limitations' in the short-term and for the domains 'physical role limitations' and 'emotional role limitations' in the longer-term (Fig 7A and 7B ). Four domains, including 'physical functioning', 'bodily pain', 'social functioning' and 'mental health', showed a similar pattern with lower scores shortly after burns and these improved towards the norm afterwards. The other four domains showed different patterns. The domain 'vitality' showed a large variety in obtained scores in the short-term, both below and above the US-norm score. However, afterwards, scores were closer to the norm score. The self-reported outcomes of the 'general health' domain remained constant during the whole follow-up time. Scores of the domain 'emotional role limitations' were relatively high shortly after burns, but lower scores were reported in the longer-term. The outcomes of the remaining domain, 'physical role limitations', varied widely among studies during the entire follow-up period. Overall, subgroups with less severe injury (i.e. no surgery, no contractures) had higher scores on all domains.
EQ-5D recovery patterns. The EQ-5D consists of five dimensions: mobility, self-care, usual activities, pain/discomfort and anxiety/depression and a visual analogue scale (VAS) for general health. Each dimension has three levels of severity: no problems, moderate problems or severe problems [110] . Based on the answers of the five dimensions, a single index value can be derived ranging from 0 (death) to 1 (full health). Eight studies used the EQ-5D; data of 5 studies could be used to examine the recovery patterns based on the EQ-5D. Three studies were based on the same data source as studies already included in the analyses and were therefore not used [36, 61, 76] . As only two studies included a time point after 12 months (resp. 18 months [45] and on average 55 months [37]), no firm conclusions can be drawn on longerterm recovery.
All studies reported the EQ-5D VAS score for general health. Reported scores were lower shortly after burns and increased with time towards the norm score (Fig 8) . The study reporting lower scores at 12 months was the only study in more severe burn patients [87] . Lowest scores shortly after burns were seen for the EQ-5D index and the 'pain/discomfort' domain. The EQ-5D VAS score improved towards the norm score in the longer-term, just as the 'mobility' and 'self-care' domain. The self-reported outcomes of two other domains, 'usual activities', and 'anxiety/depression' and the EQ-5D index showed some improvement over time, but did not reach the level of the norm scores. The outcomes of the last domain 'pain/discomfort' did not show much improvement over time.
Discussion
This review provides a comprehensive overview of generic and burn specific instruments used to measure HRQL in adult burn patients and examined recovery patterns of HRQL in burns. Twenty HRQL instruments were used among the 94 studies. The BSHS-B and the SF-36 were most widely applied followed by the EQ-5D. It was seen that scores on most domains, both mental and physically orientated, were lower shortly after burns and improved over time. However, the BSHS-B domains 'work' and 'heat sensitivity', the SF-36 domains 'emotional role limitations' and 'physical role limitations', and the EQ-5D domain 'pain/discomfort' showed considerable variation across studies and low scores were also reported in the longerterm. The methodological quality of the included papers was in general moderate.
This review showed that there is some agreement on instruments used for the measurement of HRQL in adults after burns. Both instruments that are validated and that are not validated in the burn population are used. The majority of studies (70%) used the BSHS-B, the SF-36, or a combination of both instruments and eight studies (9%) used the EQ-5D, which are all validated in the burn population. It is recommended to use both a validated generic and burn specific instrument to assess the HRQL to capture the full impact of a health condition [112] . However, only 24 (26%) of the included studies used a combination of instruments. The (additional) use of a generic instrument, the SF-36 or the EQ-5D has the advantage that norm scores are available. The use of norm scores facilitates the comparison with other populations and interpretation of the outcomes. For the BSHS-B, partial population norm scores are available, including 30 of 40 items of the BSHS-B; the remaining ten items were considered too specific for burns [113] . Unfortunately, the results are not summarized on domain level. This would have provided norm scores for six of the BSHS-B domains. In the absence of population norm scores, domain scores reported by burns survivors in the long-term can be used as norm values.
Despite the widespread use of the BSHS-B, there is discussion about this instrument. A study comparing the SF-36 with the BSHS-B found that the SF-36 domains are more sensitive than the BSHS-B domains from 1 month post burn [26] . Besides, there is no evidence on testretest ability, validity of hypothesis testing and item-total correlations of the BSHS-B [114] . Currently several new instruments are being developed by different research groups [114] [115] [116] [117] , resulting in different instruments which may hamper the comparison of outcomes in the future. There is a need to achieve consensus on which HRQL instruments are best to use in burn populations and at which time points. The studies with a longitudinal design (n = 32) showed overlap in their assessment points. Most studies assessed HRQL at baseline, 3 months, 6 months, 12 months and 24 months post burn. Given the high attrition rates in burn studies, it may be difficult to obtain longer follow-up. However, a further improvement of HRQL beyond this period may be expected as it is known that HRQL further improves after 24 months [37, 38] .
The three HRQL questionnaires have overlapping domains [118] . For example, the domains 'simple abilities' (BSHS-B), 'physical functioning' (SF-36), 'mobility' (EQ-5D) and 'self-care' (EQ-5D) all measure activity limitations. Results on the different questionnaires show congruent results; activity is limited shortly after burns and improves with time. This is in line with the course of the recovery of burns as shortly after burns wounds are healing and physical capability is impaired. When wounds are healed activity improves. However, participation restrictions due to physical functioning are seen in both the short-and longer-term. The three domains covering this ('work' (BSHS-B), 'physical role limitations' (SF-36), and 'usual activities' (EQ-5D)) show mixed results, with also reduced scores in the longer-term. Simple activities like walking and dressing improve towards the level of the average population, however, more advanced functioning like working is more affected by burns and varies among the population, which might be explained by the heterogeneous nature of the burn population in combination with reported substantial effects on work situation, also in burns of limited severity [119] .
Participation restrictions due to emotional and mental well-being ('interpersonal relationships' (BSHS-B), 'social functioning' (SF-36) and 'emotional role limitations' (SF-36)) are less prevalent after burns. In the short term there are some limitations with social activities, but this improves over time. In the longer-term, limitations of regular daily activities, including work, because of emotional problems seem to develop. Patients accomplish less than they would like and work not as carefully as usual.
Mental function improved over time. This was consistent across the questionnaires ('affect' (BSHS-B), 'mental health' (SF-36) and 'anxiety/depression' (EQ-5D)). However, the scores for anxiety and depression did not reached the level of the general population, indicating that burn patients are on average more anxious or depressed.
Results on pain varied between the domains measuring this construct. According to the 'bodily pain' domain of the SF-36, the level of pain decreases with time and is comparable to the level of the general population in the longer-term, whereas the domain 'pain/discomfort' from the EQ-5D shows that the majority of patients experience pain or other discomfort in the longer-term. This is a much higher percentage than the proportion of the general population experiencing pain. Pain might thus be an issue in some patients in the longer-term, but does not seem to interfere with daily activities.
This review has a number of strengths and limitations. Strengths include the comprehensive overview of HRQL instruments used in burn populations, based on six databases, and the identification of HRQL domains that need more attention in the aftermath of burn injuries. However, some limitations also merit note. The scope of the review was limited to English-language studies, which might have resulted in missed studies that were published in foreign language journals. Another limitation is the wide variation in both study designs and instruments used, impeding a meta-analysis. Besides, due to the low number of longitudinal studies, we had to use cross-sectional studies to examine recovery patterns. Also the review was hampered by different ways of reporting the results, including mean or median scores, domain scores versus total scores and 0-100 scores or standardized norm scores, which makes it hard to compare results. Besides, the methodological quality of included studies varied widely. The most alarming was the general high risk of bias on study attrition. Only few studies adequately reported attempts to collect information on participants who dropped out and key characteristics on those lost to follow-up. In future articles it is important to include description of these factors in order to reach a low risk of bias on study attrition and improve the overall study quality.
Conclusion
This review demonstrates that most domains of HRQL, frequently measured using the BSHS, SF-36 or EQ-5D, are affected shortly after the burn event. Most domains will recover over time excluding physical and emotional role participation, anxiety, depression and pain. This reflects the need for both mental and physical support in the aftermath of burns. To further facilitate the comparability of burn-related HRQL outcomes across the world, use of uniform validated Fig 8. EQ-5D scores the visual analogue scale, the EQ-5D index and five dimensions for three to five studies. The line in the figures represent the composed norm score based on norm scores of the countries where the studies were conducted [111] . The yaxis represents 0-100% patients with no problems on a specific domain.
https://doi.org/10.1371/journal.pone.0197507.g008
instruments, time points and data presentation is needed. It is therefore recommended to develop a guideline on the measurement of HRQL in burn patients. 
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